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ABSTRACT : PURPOSE: To provide the waveguide type beam spot conversion element which can 
decrease the coupling losses with external input/output waveguides by additionally 
widening the distribution of guided light and the process for production of this element as 
well as to provide the semiconductor optical waveguide having a large spot size for this 
purpose with good reproducibility and high accuracy. 

CONSTITUTION: A second core 4 having the refractive index higher than the refractive 
index of a substrate 5 is provided under a core 2. A core 3 is formed in a transverse 
direction toward a light propagation part III and is formed thinly in a tapered shape toward 
the thickness direction. In addition, the core 3 is cut in the part II and the second core 4 is 
extended across the parts II and III under the core 3. The waveguide mode is prevented 
from being cut off and an increase in a radiation loss by coupling of this mode to a 
radiation mode is prevented and, therefore, the spot size is widened. 
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wmw#©*BH] 

Xft*»-T«X#y hlMXgJftflI}teSS«&£l5£, X» 
StlfcX^-y h©3fc£e«rr*ft£J8gB£££1S±fcSe 

ftttTffi^ftKvWWK^t^i** ££*>!;:, J9#0& 

ffi«k D t> JB#r*&tf*» < £ *> 1 ffl«±©>g 237& 
ttEffl»E««S***J:rfiOTBX#3> MMX**JB 

x**»r*x*y mm xmrnmymmmt.* x& 

KUfcSSHfcBJBH-AXJtfs; hSa»^K*»r»T, MSB 
MM ^e*ffl*»*»*On7**TP5fe*B*^ 

■*x*m«**»tt«fc*v»TiT&ttD. *5«fc^Miax 

tR± t) "bJB»f t^4>fc < £ *> 1 mSi±V>& 237& 
ME^#y h*-fX«ft«M5ilHft»«©WIB3 7©i* 
£tfT©4>te< £*>-;£{;:aES:L-;fc;i££«rS8£-r-5iS 

[■MBS 3 ] flt&S 1 2 ia*©3Hfc*8JB tf-A 

-fX^«lffl3t^&^ffl50t5fB3TSr, «-0J*»*«*B 
iRf£fi8*fST'>& < t *>J3*#fa fc5r~ fcSWfcS * 

[Wf3*fc«4] W5fc«l*fct*2re«©*ife&«*lf-A 

hyXJB«rtEattT*s*. WE*** MMXX&ffl 

-cjsriEUfcttiax*?' mm X£&ffl#3$&&a&©mfa 

7} = 4/ (Wl /W! + 
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imxmei s«£> fltrtEss©±gBicEB$n, m 

nAlAsIil nPJf £££2lc«JlLT;|8jEi£L.fclfl 

i37flt, wim&i=i7mc>±.mz&wt<n. mm 

[*#»7] gS*«6Ett©¥i»^««Kfc*V» 
T, ItGSl 3TJB©1» icEf^n. ffif23gl3rJl«k 

*fc*<»j*sn. *»t3SiH l *sii»ic3«-*«nca<a 

Si 2 a 7« & $ 6 c ££#» £"T 5¥3S 

Z>\z&tzK>. ttffBS2 3XSrtfc> MESS 2 a 7 /SJ::**- 

a? i*4MSt"r*¥W*3ej»aa»©tttoEF«s. 

[sssrsi 9 ] m^si 8 tBM<z>>m#%m*a*0mm£ 

Stfc$3V»T, WtB^2ri7@2r, *©JP*-Sr^Sf?f£ 

[fK9!©f¥MftK9!] 
[0 00 1] 

50 »5RTTJBV> *©£#»;&*#>;/ hiMX©*€?V>¥iSi 
#3ttW»»* J:tPE-©WlD&*teW'r* "bOTf **. 
[0 0 0 2] 

[«£5fc©8:flj] *r, «©KH©«S:©ftfte, X*y 
h-y-f Xfc^ViT^SUT*<. ^©IJ-^S^^v'T' 

>MT7^yf^>yi/&a§. -f-©/ty— mow 

— ?<Dm<Dl/e 2 iztzzm «r7>#-> h-y-f X 

£T-5. 

[0 0 0 3] iB#, *»#3tt*aiaB©W!l6!WS«»Cff 
^nTVi.S>. -t©«Hc*5W-.5Sg&flTBSUi©t>£ , 3£L 

[0 0 0 4] — ¥«#jti»ttK©«^ 37i? 
9y H ©««*«*«** HOT?, ¥*^3t«jSIS2:eJ8 
-r-5^©X*<v h-y--fX«U-X5^n>^- ^£/hS< 
h-y-^X^wi £w 2 ©20©^<j7->7> 

tr-A*«is^"r««*©»&«6*i? h: 

[0 0 0 5] 

[ftl] 

V2 /Wl ) 2 (1) 
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[0 0 0 6] ST, SC (1) #*«I8III]«>»&» 

7 CKT* SMF^S&T) ftJBV**«rfi\ *<0X 

#-;h^Xwi J4»4MmT*D, ¥*tt%*ttflft& 

(-10* log (77) ) 146. 5dBt^ 6 i0 

(1) «kD«'&»*?lttO. 0 6, ttet>*>1fe'£m$: 
(lOXlog (i?)) S12. 2dBfcW. * 

77 = e x p (—x 2 /w 2 ) 
T4x^n, wtf*0. 5 um<Dj}Vzs7>\d—lx&* % 

mtmm^\z 1 Mmfc^t-rnfc^-r^, 2^^^^ 

$/7>K— A<0i£^»*ttl 7. 4dBt&0, ifn 
[0 0 10] Z.<D&o\Z, X^^h^Xw^S^ 

[0 0 11] ^BSUCteU *»SMFOjfe«0Ri 

[0 0 12] fCT, *a»»3tt»«»«>x#y bIMX 

[0 0 13] 13 4 5tt*W»3tt»*Bfc*»*X#s/ h 

6*±«B4 7lt -en^tl, 0 4 5 A A' ffi 

[0 0 14] ££T, 10 1IW5yF. 10 2»Ult 
ffi3t«&i^on7> 1 0 3 ten 7 1 0 2 KigjKrr*X# 

O4tt^©ftaSMF057y^ 10 5^8SMF 

[0 0 15] HOfl£*«©»f^«3SftRWr*. 40 
ttWMWWtikG*T 1 0 3IM4 5^1334 6 

ffiot, U»«3t»ttB©37 1 0 2 ftfflBLT 

earr* 3t*^ 77 hi 0 1 ^mntz$m&&< u 
h-tMX#**<ftD. a (i) \z^itm^»^i& 

[0 0 16] H4 8«:37©JP£iX#y hlMXifl) 
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= [0 0 0 7] fit, aaWS.k'SK:, #— ^E— F<Wtt 
yr^rtoxtfy MM XftW^susKtWSflE* 

■rr> ^fflv^ns. 

[0 0 0 8] t^^, jfe»SMF<Z)X#y hiMXSr 

2 ^ODtf'? ->7 > If — lc x £tt«rrftb 

[0 0 0 9] 
[R2] 

(2) 

( 1 *^l»B6T©«Wr> SfTOfe^, 2&7G#rffiT*#T 
3. 44tlL E©#^**>&t>rt>*J:5fc, 3 7 

#7 h1MXte;*;£<£:£o 
[0 0 17] l/A>Utt#S&, 371 0 3CDrfi|$rM<^fe 

[0 0 18] H4 9tt5tf7X3tt8ia»fc'^^TO»2(0 
«*«(O«IJl*«rWfBfH-C*0, 05OJ4^<D®S*£ 
*ffi9rr*BT»* Cfcitt: (N. Yamaguchl 
and Y. Kokubun, "Spot Size 
Converter byTapered Wave 
guides", Second Optoelectr 
onics Conference OEC ' 8 8, 
Techn i c a IDi ge s t, 2C2-2, pp. 
1 5 0 - 1 5 1, O c t o b e r 2-4, 1 9 8 8, 
Tokyo) * 

[0 0 19] ££T, 1 1 1 l5vUn>SS, 112IJ 
C 7 0 5 9IMM (JBSf*l. 54, J¥£0. 3 5 
Mm) , 1 1 3teS i O2 FJf (JB£r*l. 4 6 

3 4, 6 Mm) , 1 1 4*4S i O2 37@ (B*f* 
1. 4 6 5 3, iP£4 Mm) , 1 1 5teS i O2 

KS (J3ffr*l. 4 6 3 4, iP$4/zm) , 1 1 6 tex 
-^«tMShftC7 0 5 937 (H*r*l. 54, 
ffS 0. 6 2 Mm) T&£ e 

[0 0 2 0] *0JT!WU 04 9 0£*MX#y MM 
X©/h*Vi««T»D, **»^#yh»<X©*e 
&«#T&*. H5 0*6b#*±5i:, x 
U-l 1 7lc£0a&l l l ±fcHBB**V>TeitS 
nrcz/*r F^TX^ 1 1 8fc«kDftifc4***Ri*. 
S i O2 t> U < «C 7 0 5 9 ««ltfW«« 1 1 
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6£$Sf£UTV>-5. 

[0 0 2 1] #Wa#7 7.^&&fc^T©#ITifc 
©JP*£*# < Jl £«¥&#**&©*&£«««> 

stt ttBJBT 3b 5 i v> 3 & o 

[0 0 2 2] 

m<* ^s^sr^b<i&M-r2.ctttBJit?feD. tie 
[0 0 2 3] -tn-ir. *»9i<z>gtttt. ssstft©^* 

*3«fcU^©S?ii;t-8; ^Uttt- £ H t It <& 5. 
[0 0 2 4] *^gHJ Offi© S MMX«*£ -30 

[0 0 2 5] 

ffl3t*&Ka?t, xasnfex*? h©^&e^-r-&^ a> 
**^fc*v»T, max*? mm xxiMiattWfemi 

HH&-k©* 2 n 7 £iiiEfflMfflftS?£ESSB*5.fctfliaE 
h-y--rX^mffl^«SS«5©BStBr3 7©-h*5*^ 

[0026] M«3H2icctt<!>n9i». 40 
wsm#»h®3t«arr* 

^SUS^-K^T, WIBX^y MMX£iftfll3fc8liftB5 
g&©3 7 ft*^*^^fflttT**fate5WWte*fc 



i£&g&©lWK37©±:fe<fctrF©<!>&< tt>— ^rfcEK 

[0027] n«in 3 mm 1 

fcV>T, MfB*#* HlMXJHMJ3tt*ttHM»©IMB3 
7*, ^•©j?*-$:««S^gS«-e{j>&<t ! bJ?*-* 

[0028] R$gi4 eettoxnti. 1 

iav»T, «BX#> h1MX**JB3fc**tt««>iH3=i 
7^$.e.^i;s&X>>5 L Xhry^)l€:^fiS-B:Ti5#, 19 

[0 0 2 9] 5 tefBHOBWI*. S!#«4E3£© 

hx^^^JBriSLifctWBXJtfy MMX 
^»ffl3taiiftK«©«rEa 7©»*-*ift©T— rm&fc 
IS^lRlfclKiMl©^— ^ft»J*U s??ifcft©^MiffiBi>T$s 

[0 0 3 0] M&fle tcGttOftHH:. SflES 
t£©±«Bt-gEg2n. WESIK.fcS-feBtfrSWiiK, 19 
E*«£te ; ffi-&l'ifc InAlAsHil nPlt^ 

±mzmm^n. tMBasi©3 7ji«fc0fcjasr*sa*<£v» 

[0 0 3 1] Sf*«7CE«©5SMtt, H:£®6E*© 

|Rj^oT4i*[RjlC«i-«rtC*<'bL<»jE<^fiK*nst 
as i £31 T ^> W »t fc < 75: -5 m 2 3 7 IB * S 6 tC ft A fc d t 

[0032] m^m8\z^.m<o^m\t, si*«7E«© 

\Z, ^E^2D7HC*fLT««?tt©^SX<y5 1 Xh^ 

[0 0 3 3] gf 9 lcE*©5EMtt, S**8E«© 
*P*flcje*«J»0«Jfi*ftfc*V»T, WE^2 37® 
-?-©l?*^«^a^fiS%S:IBViTil>^<i: i feJf 

[0 0 3 4] 

37©©*s#<-r-5-t»c.fcD> jtsmrc^t, 
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[0 0 3 5] #»BTlt )8lfl««3t»l)«©370* 
ft: < t h±h L < ttTfcSKck 0 fcJB*r*0>WV>3 7* 

^xJVJgtCI nP, A*U7Sl:inAlAs$fflV^u 
[0 0 3 7] 

[0 0 3 8] Bl, H2, B3 45<fctfB4tt, 
n, 1 CD*«Sffil<0»HB, IKKBH. B2tf) 

CC *l»r®B£i£tfDD' SWHBT**. B*, 1 
141 nP (JB»f*ni =3. 17) ?75/K, 2 tea I* 

g =1. 3/znu H#Wn2 =3. 3 9) , 3f4^#9 
MMX**»II©37* 4»4ffl»ffl*W*IMBI. X 

«lCtt^e»nfc*2r3T <®#T^n s =3. 2 13), 
5 141 nPM, 6IJlnPl»a*i (m =3. 1 

7) T£>3e 

[0 0 3 9] ^MflTCttXtfy h»-f X«lft«0=l7 

3 ojp£ *f-^«i:i < t#fc«£jK wr* c aitc 

tfTH*. *fc, 37 3©»»*»<r*;iifc*0» 

X**«3tt**B»II©3 7 3 ££tKLT^<#, 
£ ad 3 7 3 ftift* M fc & < ft 2> J; 5 tRtt IT V»« fc 

wwi6B»2 3 74*fiarrac:fcK3tt:*. t^z 

a«*2 37 4©|Br*ni J4S« 5 G)Btfr#ni ±0t> 



5) #5I¥5-2 4 9 3 3 1 

[0 0 4 0] 0 5l4*^^CDm2CD^S6^I^^T^«0 
Tfc9> *l©**B«tH*0«»rlcl4BI-0«W*# 
To MUHTtt, MM Xaa*«II©373S 

t k j; owsotets 7 3 zmntdzit&ttifi&mtf-t: 
374 Kat*«ua*Tif^. 

[0 0 4 1] B6, B7*J;«B8»4*58M©SlfeJ: 
J0 7 3(7)ig^^^<^^fcft^ffi : £:^TSfcC6cD, * 

n^en, ¥®b, b6(dee' mmmm&kzsmeoF 

F ' «ggrffiB~Cc&*o B6-B8K45V>T* 812 37 4 

±teBBKi"*s i o 2 1 1 o>ffi»t£*i?f&9fc:&*_ 
s*«*»«ws*ft* cxk : 1 9 9 1 szm^m mmm 

^3R»l^C-13 3) SJfl^TV**. Si 
O2 1 l<D5^37 3^jC"r^^C0ffi|S^5 : - 

-rtmz%.®z>zh\z&r>T. B7fcB8t&jt«rrs 

£t>frZ>£5\Z. S iO z VX^I l^*s««iE«^> 
^ InGaAsPll 2 I nGa 

AsPH 3®W*J:Dt>»<-r*^i3&«T**. 
[0 0 4 2] S i Oa 7X^11^KSU I 

nGaAs Pil 2*itf 1 3Slyf Bl 

[0043] B9*«tr^Biott* ^-n^n> *3S93a> 

*3*±tf«4*li«««-r«aBT*0, BllttC 
n6»3*J:«JB4*JI«©«»]BBT**. B12* 

&zsm 1 314, *n*n, hi i <bgg' *8*5<tr/H 
*-n-en> Bi—B4*<fctfH5fc^n-« ? nsRLfc»i 

<£9 s bi^Sg3<£>3 7 1 0*»2 37 4±fcKtt&»'& 

[0 0 4 4] &:fc, B 1 1 IZ&^X. f§3<£>37 1 0 <D 

*>^<£ 5 fc»V>TH***. *«K»43 7 3 
0. 3MmM^ 37 4 (OM^ifi 4 MmefiT*§u 
i*6, 37 1 0 05±«*ffil4S«¥ffiT»S. Bl 1 
40 TB3 7 3C0±fflim®^lf55bT5 1 -A«^^bTVi 

[0 0 4 5] Bl 4 tt**9§©£ 5 
B> Bl 5f4-tO«WfffiBT**o 016, B17^5J; 

tXB 1 8 14, ^-n^n, b 1 5 (o i i ' m, j j ' 

J:r;KK' iiM0T*5c Bl 9, B2 0iiffH2 

4KB. L L ' ^»fSB> feitfMM' ^»rffiBTab^>o 
r^T, *2374±tBWS i O2 COVX^llO 

5^? AS-CMU **tt«a6fcfti;*fc*, LL'JMrll:* 
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HTBU I nGaAs F 37 2\Zi$M\zm&2tlZ><DlZ 
MVX. MM' »8ffBIC*ViTtt, InGaAsPaj 

/h$ Dgi&»K:«i£#te3 7 3 SSfcftS 

fU H14-H1 8l:*l/fcJS2374^»3J710 
&e»U MM X**ifc*:3*i5. ft*5, 

13371 0£f^ft<TfcX#*y hifcMc^T 

[0 0 4 6] 0 2 2 &<£tf0 2 3 JcSaRT^f *MtttH 
l-H4fc«bfc**WO*lol61i«*J:«H5fc« 70 
bfc*«W©»2©*li«0»2 37 4<D«W (--T 

TV>Tfc<kV>) fc*ftiL&*&a>x#* MM X*5«t 
^2374 ££JBbT£fc«&#CD#-^:-- F3t7 7 

092:bT> InGaAs37 (Ag=l. 3/im) CD^ 
SJfll^ -t-CD3 7«£l. 5 iim&£Z*Z27m*0. A 
Mni^bfc»'&CD«*lRl^J:tX«BS^OX#v/ MM ^ 

ZJJKI2 3(DJffiMJC^WT^b^:o ZftS<BBW> 6, 37 
[0 0 4 7] ft 45* 0 2 2*5<fctf0 2 3 tt. 0 9*5ci;tf 

mi ofc*n*nic*bfc*95M©*3*j:(tf*4<osi 

JMflfcOHTtt, S2374tS3371 O0>B8r*li 

1 OOP^OSl&b&V'frlcMJSbTV^. 30 
tt, 09-0 1 3^f)M^^3l:> X#*MMX* 
l(l*II0373te»U *2374t»33710«JB 
«tt*fcK«bTV>£&»* h1MX£SlBBIia> 

373 *e»bT«r&3e#»2 374^3371 0* 

6****437^- 

[0 0 4 8] *&, #389rai* S« (u^WInP 
S«5) iD%a»»#»V)»2 37 4*»3 371 0 

»6rfc»*, *DiW«ttX#* MM ^Steffi 

[0 0 4 9] S6fc X#y MJ--fX#s«*anTVi* 
OT, 35 (2) 3^6to**J:3^ ttTncDhl/^>X 

[0 0 5 0] a*, #%BJlTte> MM X£&«5 

II©37 3*7 i -^««-CiT*«D, 3R^«BPC0Jte« 
8BIII fcBft*#Sftb>JI (I nGaAs P, A 8 =1. 
3 Mm) ^*ftV^5JZbTV^^ 

\z-r tttit«<o9t&&mn \z&~c7—^m so 
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«©3 7 3S3ffitib&fi£*«0«'&. 0. 
1 3 /xmCO I n G a A s P (Ag=l. 3 /im) fcct£ 
37 3 ft*^JB«*T»tta** *0±TMBS«W-C 
JP^W/2<£>37 (77 = 3. 2 1 3) Ti^>F-f ^y^b 
^«ffifc^ViT<^3K**Jt««ltbT#%a>fc*^0 2 
2*^0 2 3 \ZW&?7fCto ^Ojttt«TttJBJff*0 
BHInGaAs P»3&«3 7»Hfc»SOTf*Jft*ttJ» 

HU B*f*««KVi=i7»3ft3tte««III 

[0 0 5 1] ft*5, JttWflTtt, f@W£;*;^<-r£<h# 

ft$5, C©BHMS*fc*liT»4» S2374^> 
S3371 0 (Dmiftm* 3 . 213t bfetf, ^77^H 

(2i:TllinP) oJi*f*lc:ifiVi«oa»T*ntf, 

J*»0J¥lr> I nGaAsWI^I n P A*U7lC<fc D#l 

£) , I nGaAs P, I nAlAs»*ft58fi* 

[0 0 5 2] ffl»fl3fcWtt»<B37 2 (InGa 

AsP, A s =1. 3 Mm) t»2374*»3371 
0 (®?f$n = 3. 2 13) &0JB#mei2 5. 5%£ 
InP^77K (i}f$3. 1 7) ©1^01 

JSS!SeBC03 7 2 \Z&^X\*ffl*^7\z3ZttmV&& *>ti 

/h£ftx#y h*-f X«»*IItfflltffl3WI«IW I i 
[0 0 5 3] 31237, »337fc£2 

££"f> fct?i#<G>37ft«w-Tt>«fcv>u -en^co 

[0 0 5 4] JB2 37tJB3 3 7©»**« 

(OT, S 2 3 7 ©J»*SS 3 3 7 0 t>»< t -6 
Z£\Z&Q, *2 37t*337©**©»6**<T 

[0 0 5 5] H2 4*±«H2 5»4*»IB(Z>*6*J:tf 

7<2^ffiflm4> — 0., I nPJ5y Hltlyf>^ 
b&«, X#r/MJ-<^CSl«8lI0373C!)«Bf*6JS 
3(03710 $:H^S$ii:^)o 
[0 0 5 6] 02 7 45J:^02 S\t. ^tl^ft. 
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RMttieWtrr*. 

[0 0 5 7] X*»«inc*»*J» 

*2FIftO?— /TOKI4, 0 3 1 fcjRTSIl 

*T£«»<Z) InGaAsPiH <DWS\Z. ffif&CQ I n P 

[0 0 5 8] 03 2:fe«fct/0 3 314. frtl^tU 
SS 1 1 0*lE«r?HU 03O£SftOv XjyW-fX 

5f*ft0 3 0 K^LfcJg 1 0 0 fc^ffift 

htMX^&SBll 
h1MX*il^*#to±T*C£l;ifc 

[0 0 5 9] dtlSG)^— /t<O^J3clCtPV>T*4S 

3n7&te^m&izhmm*v%2>zLtn-n'5&-e*>fc 

[0 0 6 0] 2in*TfcRWL/T*ffc*«?B©»l^JI! 
1 lOWJIttt, ^mt), »237445cfctf»33 
7 1 0 ft* U *®TO«Hft*9!y H6T 

*5<fctf 1 0©WSW*<&*fc*5y F6fc:J:*«»a 

[0061] -e^T, wTic^-r^i 2-jbi 9<Dmm 

^Jl 6 ftRJfTte* 9 y H 1 MM XXSWBII 

45«fetf3tG»«III 2in6W«»II* 

ftcD^HCa&ftfT?. 

[0 0 6 2] 034 \Z7jk-rm 1 2 (D^JSWTrtt, 5=— >^ 
«3 7 3 OB W*©l:»«bT? 7 y H lO^^gP 
1 A©«*>j£tfTl>£. 

[0 0 6 3] 03 SlCTH-rigl 3<D*Jfi«Ttt, 
P 1 <Z>*+Tg5 1 AOffift— £K:£ATir>*. 
[0 0 6 4] 036 \Zmtm 1 4 0**«IT»4* 5W< 

ttlc»<U Pltt^lTOlAOtlftiKtrr 

[0 0 6 5] 03 7 JC^TJg 1 5 O^JfiWTtt, 036 

nmif = ( (ni 2 di + 



2£ 



* 10^-^gBl AOfRft— 3feKJt86TV^a. 

[0 0 6 6] 0 3 8-04 1 \Z7vCfm 1 9 CO^ 

JfiffilTtt, *2 374fcJP*T»3=i71 OftRttTV* 

14, *n**U H3 4-H3 7l:*l/ft*12-*15 

vwrntmrnzmtift*. 

[0 0 6 7] H4 2J42in6»l 6-»l 9 030S«0 
*a£#r®0> 04 3&<fctf04 414, -tn^n, 04 2 CO 
NN' WitfOO' 
20 [0 0 6 8] 03 4-04 4lC43V>T, *U-tf>ai 

J WB2 374*T^lJ-ft«<«DaAr-rfeJ:V>. 
[0 0 6 9] »*HttS}fc, «A«H3 40«|«l:fi 

£>r>\Z. B3 4<0«^T*n«*2 37 4ft«#»fcff 

-a? [0070] yt¥m#mm&<Dx#v mmxssmf 
o*niBS*®**aic-r*fc»ic»4, 371W7 

y HJBiO)B*f*ISAn***<U 3fc<DlWfr:«jftj£tf 

37iCGaAs, jr^yFRICAl 
x Gai-x As^fflV^m (#*3CIK Lin e 
t. a 1 . Electron. Lett. 2 1, 59 
8 (1 9 8 5) ) c Z.Z~C, /ha&AnftRW-S&J&fc 
*4, ^7^HIT?*5A1i Gai-i As0Al»^ 

[0 0 7 1] JtZ.~£* t)5^i^O*fttUT, 05 1 

ksr-tj; 5 ic^sa^#^ (otmqw) ft^av>T=3 7 

Deri et. a 1. Appl. Phys. Let 
t. 55, 1495 (1 9 8 9)), 05 1 fc*V*T, 
2 0lH#iittInPSffi, 2 0 2BInP;ty77 
M* 2 0 3^437®, 2 0 4HInP±a^7yh*lT? 
fc£> 0 Slttt^ty >H— 3712 03H 

3. 5nm0InGaAs (A=l. 13/im) 1, M 
»J7£J»S13 9. 4nm©InPlt&oTM. 9 
x;WBi/tU7Rl4SJSfcl 5if^Sfit*. 
[0 0 7 2] MQW<D«HB»3ftJB*T*niiQf ^SCT 

[0 0 7 3] 
* [*3] 

n 2 2 d 2 ) / (di +d 2 ) ) 1/2 

(3) 

50 di »4Sx;KD«J», fbtd2 tt/tU7*MMTC* 



—199— 



(8) 

13 

g$©MO V P E^>MB E^O^ffiSi^nH K 
mfflW\Zl nmt-^SST«i8tt§o 5£ (3) «fc 
D±82<£MQW-e&£3 7Jg2 0 3 (D^ffiWJSIfT^te 
3. 17 3gIfcft:S. ?7^FlT*SlnP©Iiff 
3&kJ;3. Anlil x 1 0" 3 gSi:/h$ 

[0 0 7 4] L^b^6>, Z<D£of3i$&k<Dmm\Z\Z 10 

l^fc InGaAsP (A = 1 . 13 /*m, B#T*n = 
3. 2 9 5 6) «E3tcSST*^o Lfc#oT> 

[0 0 7 5] 135 2\Zl nGaAs PBS5c8»G>A> F 
3 fc. InGaAsPon>F^y^» 

[0 0 7 6] E0)«fc5fc* «0jSlTTOQW©^x 
JWllC I nGaAs P KTcSS^fflV^Tt^fc^, 

[0 0 7 7] 6H±©J«fc**T, *»w©±au/t*«i 

Wc:fc#5fg237 4**337 1 0 tl/T, InAl 
As t I nPi*3Kafc«Ji-r*a:aifciDJB«*««l 

w vitmmmm&m wcm 2 0-2 2^mm^en : \zm 

[0 0 7 8] |§3 5 3IJ*»fl©»2 O<&*M0J*R9rr 

fcJu T*6*fc I nPS«3 1, InPT«*7 2/HH 
3 2, MQW3713 3, InP±^77HI3 4T 

MQW0Si^lt ^xJHClnP (2 4 0 n 40 
m) > AU7l:InAlAs (2 0nm) ^fflK i?) 
jgbJf»!te6-T?&£o 

[0 0 7 9] ±fBK^T«igtC*5^T, 3 7©BSr*tt 
KTfc^-TJ:5K3ft«>. I n P <DH#t^£ 3. 169 
3, InAl As£DM$^3. 2 1 3 t~TZ> t. 

(3) £0, MQWa 7S 3 3 <DMtfr$*\t 3 . 1727 
I n Pi7yy Hi0SSr$iAnll 3. 4X 

^M)'-fX#**<ft*. fti, InAlAsOBST? 50 



M¥5-2 4 9 3 3 1 

XigHUfTInP^S^t^ (Ino. B2 A 
lo.4 8 As) $^0*^T*5Wi, -»Wl££k££o 
[0 0 8 0] ±fBORia^6WS*^±5fc, MQWtC 
I nGaAs P H3^«il*ttJlir*tt*<D# j* tCjfc^ 
T> I n A 1 A s 3 Tcffift&ffiffl-T ****B«©**«, 

I nGaAs PB37cJSftO«-&, Xidia^f 

ty^x*M-*«»IBl/T, tO»TJH*r*6*ifejrr 

♦SftgTSS I n A 1 A s SfflU&MQW©*^ I 
n G a A s P V>fcMQW<fc 0 fcJB*f*$«J»^ST 

[0 0 8 1] ^54 2 1 C0*JS^JS:ltt?ir 

»4, T#>SJBfc I nPS«4 1, lnPT«£^yKJB 
42, MQW»ia7l43, I n P-LSB^ 5> y HS 4 
4T?, InGaAsPS23745S:MQWSgln74 

[0 0 8 2] 37H InGaAsP$1374 5^M 
QWS2 37 4 3 0»«l:*CT, KTfcSB^3oO 
»»*5iJESaft-5. InGaAsPS23745tM 
QW* 13743 i*«t fefc#«Et-*ffl«tffljeW*»« 

1, InGaAsPS23745 W»»*Ir1 fc tf^? T 

^tt*<a«3TVi5^#y MM I K :fc<fctf 
MQWil 374 3 0**>&fc53fce»«I I I<£>3^ 
GDgB#T&£c MQW0IMH ^xJUClnP (2 

4 0 nm) % AU7K I n A 1 A s (2 0 nm) &m 
to. *0igb«att6T**. 

[0 0 8 3] fi§2 1 0|||KMlC»lt«3e*ttKO 

WlftO(rfflHT*5. F e F-T'aMBWfl: I n PM 

5oi±rc, MovpEatcAoTfitT^a^JB&ja 

*lc**aii:-6. InPT^77H!5 0 

2, MQWS13715 0 3, InPXyfXhy^l 

5 0 4, InGaAsP!5 0 5, InPX^fXhv 
y@5 0 6, InGaAsP|5 0 7, InPIyW 
hyyi5 04, InGaAsP15 0 5, InPX*; 

0 InGaAsPI5 0 7, InP 
Xy?Xhy^l5 0 8, InGaAsPB5 0 9, I 
nPXyW hy^BS 10, InGaAsPl51 
1, InPXyWhy^i5 12, InGaAsPI 
5 1 3*E©WffcJ**Stt*. 

[0 0 8 4] InGaAsPOfi^lt rt>V¥*v7 
»*tl/Tl. 2 6MmtW. InPX-;Why^ 
B5 0 4*6InGaAsP151 3 *-C*^b*fcfe 
03*1* H5 4lC*bfcI nGaAsPaS2 37«4 5fc 



—200— 



15 

iss-r £>*>©-?<&£. 

[0 0 8 5] m^X. 056tCInGaAsP3l237 
®4 5®X#"; MMXaSltfl 1 O^lSSSJHJ-r 
5. 1335 6K:mt£X8©-r^T«£:£y hX^9 1 >^ 
T?fr5. ST. I nGaAsPI5 1 34 I nPIyf 

1 2*Iyf>^U 3l*tt^TI nGa 
AsPI511 *X>y5 L >^-r-5. et-hW^aSriffiOjg 
bfT^. InPI^h»;yi5 1 0, 5 0 8, 5 0 
6*iyinGaAsPI509, 5 0 7, 5 0 5ST 
jgtRXy^^SrfrS. 
[0 0 8 6] 5*:»C, 15 7:fe<ktf0 5 8T I nGa As 
Pl237I4 507h7-f ^tHWrt-aXBSBMHT 

Xtfy MMXIHM8©«ft. 05 7tc^-T<i:5 
>C«*><?(C$fe<7S-5<k'5IC-r^*\ &3W40 5 8lC7K-r 
<k 3 C J£ < £ «fc 5 £ . 
[0 0 8 7] ^IC, 0 5 9Sr#SaL-T^^t^-y-Xh 

7JI5 0 3±CMOVPESTMQW^2 3 7i9 0 3 
£f£g£-e\ c?£>l£I nGaAsPH2 n7i 4 5 _h 
C, MOVPEST I nP±SB^5^ 0 5 £/&g: 

£-£•5. *tc, !7iyH!/f>^TI nP±gB;>7s> 
HI9 0 5, MQWmi 3715 0 3*>«kOf9 0 3 £0 

5 9 ic^-r«fc-5&iifw©;*-y-x h^-Y^ro^ttic^-r 

-5. 

[0 0 8 8] &>±.\Z®m\s1t.mmz%i^T. InGaA 

sPS237i45 (054) ommmt* o) ^ 

0 3. 3 34 2T&-5. MQWS137I4 3© 

JBVrVISfB 2 0 J: 0 3. 1 72 7TS5. 

[0 0 8 9] H5 4©ttBf©S#36»6JtffbT«fc#* 
3t»4, ti«ftB3tea&«!MBTrtt, ±l21nGaAsPf2 
3714 5 iMQW^13714 3 i©*#fcJS8r*!S 

t, X#yW^6»»fc<«t, InGaAsPS 
2 3 7S 4 5 tMQWS 1 37 4 3 i©I}f$i*t, 

3"6l4;6fc*f£$gi©*. *UT. 3fc£i»gra4. i»8»fc»4, 

&X#3> h-y--f X©3fc£ft*. 

[0 0 9 0] 06 0K*»WC03t5»»B©U yvtftP 
Aa*iO^**t. fcfc, JfAa*©«*Htf i b 
er to f i b e rTffofe. 5SjKSS1@1 4~1 8 

©rtKtt, e*S^**0. 4dB, 7 7-f/ltOjg^g 
fi$®&fc 0 0. 1 5 d BTfcS. 

[0 0 9 1] 0 6 in*9mom2 2«Dfauitttmt 

SttttH. 0 6 2^^7/06 3«*©Sfffi0-C*S. I 
nPiSl 1 0 l±tc. MQWS13 7I1 10 2SS 



(9) #g8¥5-24 9 3 3 1 

16 

-t©±fcS iOj TX^l 1 0 3&EMK 

at* : 1 9 9 1 *EV?mmm&&#& 

±&c - 1 3 3) !C±oT. C©«k3&»:K©S i O2 

3fcInGaAsPJg23 7JSll 0 4 4jg«T5ii 

[0 0 9 2] ±E"CBMIil.fc**fcX#:y MMX^O 
*5«fctf-?-©&©i5i£©W5l4. MQWS137S 
JO 43tlnP^7?M2, 4 4 t©JfB*fsPS*V^fc 

nG a A s PIHTnailiSfitirr-SOfcJfc^T, #I8?JIT 
ft! nA 1 As 37ClgS«r^ffl-r-&©T, M§k&mi&-? 

U^t>*fc. I nGaAs PES7nJgS©«-&. X 

*ewc 1 n p t©*»&«MBL-t<b. -mmz® 

t y ^X*M-*fc*BLT. *0©TH 
Sr$£ftStSCi:^Tt5. £©£ t*>6*Tt>, X 
i» i6IElJff©*-T— SWICJSlfr2$5£ittjr?#£ I n A 1 A s 
S/BVifcMQW©^, InGaAsP^&MQW 

[0 0 9 3] I n P±»? 5y KI 9 0 5 *Hd5SS-S 
LPEffiSrfflVi*Clt , fe1?€fS. 

fc<, K9^Xy?->if&fflV>5e:£'bT?#*. 
[0 0 94] 

MM X^tfegB©ft$i&a&©3 7©JP*£i*< T-5 C £ 

HiMXSMMSfciJVvrriTSiTftWo 
T*^ *«R:J4JB#*#«^ffliMi>l£**R©3 7**» 

*r&fctM#fli3fcS*«»i:XJj*v MMX**Ufl*fc**K 
©3>ft< £fcTfcL<l4±K:Ktt"rt>2>. Cin6.©«J5g 
lr<t0. *fS?J3T&4. M*-l»#*yh*7tia:6 

40 tftzWcib. MM X£J£*?* -t 

-f a* t ©^ss^a* se^-r 5 1 1 1> ictt-rn© h w 5 

[0 0 9 5] *$&W\Z&ft& MQW37IS, I nG 
a A s P ESl7CfiS-r t4tt < InAlAs^ffi ViTSSfig-T 

50 [0 0 9 6] *%BJ(C«t^X^y htJ--f X«*»3eJII* 



—201— 



(10) 

17 

5» £ Planer Lightwave CI r 
cult (PLC) ^©A-f^Uv/ MUBS+W^A'-f X 

[ia 1 i *ftw<Dm i ©3Wj©*«t0T?<j&s. 
[03] 2 cdc c ' nmmwv$>z>. 

[04] 02©DD' Jg»fSiaTS.-5. 10 
[0 5] #389i©lfl2©§iliS0IJ©&«i0T;&£. 
[0 6] *»W©3|2©SI«CfiJ©»af»rM0T»«». 

[07] 06 ©ee' mmwm-v&z. 

[08] 06 ©FF' «g»fM0T*^. 
[09] *S6Bjom3©*JgW©«4S0T?**<. 
[010] #^©SM©§lli6W©&Si0T$>£. 
[011] *»HJ©m3 45«kiy:^4©^Jg«©i(aE^®0 

[01 2] 01 iogg' mmmm-c&z. 

[113] @ll©HH'i»rIE^5. iO 
[014] *^BJ©^5©Slffi«3!©^«0-C*^. 
[015] #§£BjI<D|fl 5 <omMm<Dffi.WTffiWV&2>« 
[016] 0 1 5 © I I ' «S»rffi0TSb5. 
[01 7] 01 5© J j ' mwnsmT&z. 

[018] 01 5©kk' mmmm-e&z. 

[019] *SgBJ©m5©SUS«S|©SSiiIgSr^-r^m 
0-C&S. 

[02 0] 01 9©LL' *SSr[S)0T;&3. 

[02 1] 01 9 ©MM' t8ESrM0?*-5. 

[0 2 2] *S^©3&S£ift?rr£#&0t?;&£. 50 

[0 2 3] *»9i©&*£Sft^Ti>*H40Ti&<E>. 

[02 4] *^BJ©^6©^Jfi^J©^«0T?*S„ 

[0 2 5] *K^©m7©HJfiW©««0T»*. 

[0 2 6] #5BSH©£6:fe<fctf!g7©*it0!l©«»rffi0 

[0 2 7] *^BJCD^8©*JS^J©^«0T*^. 
[02 8] *55^©m9©*ifi«©^0T»«). 
[0 2 9] *5SW©m8*J«t^Sl9©SIJfi«»l©jaE»r®0 

[030] #5£BJi©Sg 1 O©^*SW©«WrB0t?*-5. 40 

[0 3 1] 1 O©5H&0!)©¥IJ0T&£. 

[0 3 2] 1 ©SUBCJ©i(aBr®0T?a6-&. 

[0 3 3] *&WV>mi 1 ©*SSW©¥ffi0Tafe^>. 

[0 3 4] *«K©mi 2©*}S{fiJ©^0TS>5>. 

[0 3 5] *£BJf©Sgl 3©SIJSW©^«0T?»%. 

[0 3 6] #8BJ©SiSl 4CD%ttMOA%H7*ft«. 

[037] *^bj©^i 6<DiaiM<Dmm'rft«. 

[0 3 8] *891®jgl 6©SIJSC»J©^0TS>2». 
[0 3 9] *58BJ©S§1 7©fHi&0tJ©#m0T$>-5. 
[040] *&BJ©|g 1 8 ©*JfiW©«*ffi0t?*S. 50 



#51^5-249 33 1 

[04 1] 9©*JSW©^m0-efe^>. 
[04 2] *fEBJ©mi 6~|gl 9 ©lSJS0!l©«SE#rD50 

[04 3] 04 2ONN'«»rffi0?$ 1 ?.. 
[04 4] 04 2©OO' ®»rW0TS.^. 

[045] q&mommnz&z. 

[04 6] 04 5©AA' SI»r®0T?;fe5. 

[04 7] 04 5©BB' »Wt!S5. 

[04 8] 37f ht-f Xt©H«^t!|$ 

tt0T?*5. 

[04 9] flB©«£*^J©»r00-t?*S. 

[0 5 0] 04 9 \ZK\s1t&&m\Z*>nZ> ; T—KffiSL<0 
Ei^lSiKB^ffl^0TabS. 

[0 5 1] hlMX©*#fc:ft£&i8©^*0!l£ 
^-T0T?&-5. 

[05 2] I nGaAs P©A*>H=?^^yiSStJS»f 
^ <h © 0 T* 5 . 

[0 5 3] #SgBJI©Sg2 O©^JSWSK^-r*8ffS0t? 

[054] *&w<z>m2 .ia&mmitmiTzmwBn! 
[055] *5Sbjj©sis2 i ©£j&0ii£iB9i-rs»rffi0T 
[0 5 6] *mw<Dm2 KDmmm&wiwTzmMmT 

[0 5 7] #fgBJ!©|g2 l<D£ffffl&KH?«*HRBrr 
[0 5 8] *fBB^©m2 1 (0«]CW«R93t--&«MBH-C 

[059] *mw<Df&2 i<D2mM*stm-rz$mwv 

[06 0] «S8S iSMF t ©ite^^©§i«$r^-r0 

[06 1] *^BJ©^2 2©^iS0iJSrIKBJ-r^^ST 

[06 2] 06 1 tC&tf&LL' *g66Ffffi0T;&&. 
[0 6 3] 0 6 llzmiZUM' *a©rffi0T&£. 

[fSHtOittlB] 

I tUa»^3te9ttlM( 

II X#v h1MXaa^3te»«tt« 

III 3fc£JKgB 

1 ^75»H 

2 iMMJ«ii«tt©=i7 

3 h+MX£&ffl^g«?S©r!7 

4 S237 

5 InPSS 

6 I n PM#>&&m 

10 ^337 

11 SiOi VX^ 

12, 13 fJSSMlTMl/t 1 n G a A s PI 



—202— 



(11) 



4 9 3 3 1 





7Q 




Of) 




1 A 

L ft 


J. 11 u a r\ b x /w 


117 

Ail 


-7 x< — -H- 




1 R 


1 11 i <-J- J/ >» ^\ J J/ /W 


118 






3 1 

O 1 , 


ft A 1 11 r 35T2X. 


on l 

£1 u 1 


I n P^fl? 




Q 9 


ft z i n r r ppc/ yy r/i 


9 0 9 

u v £* 


T n P )X *t *7 fiH 
1 n r / \ y / 7 ;g 




«3 O 


MOW"! V 

1V1 VV — 1 J P03 


2 0 3 


37® 




O ft , 


ft ft i 11 i XrP y J J r rm 


2 04 


I nPJL»77 HP 




ft o 


IVl \ol VV X J/d 


5 0 1 


Fe I nP; 


StDC 


ft O 




5 0 2 


InPW7«yHI 




1 C\ 1 
1 U I 


fj C=t ^ y \* 


5 0 3 


MQWSginTB 




1 fi 9 

1 U <S 


Ikf EH sJAjM. S& m *n *7 


10 5 0 4, 


5 0 6, 5 0 8, 5 1 0, 


0 j. 


x u o 


7^,„ ~f?i£ifh SAV^iil^BArn -7 v 






1 U 4 




5 0 5, 


50 7, 50 9, 5 1 1, 


0 1 


A U b 


7CXi< o M r W J / 


s PJf 






10 6 




9 0 3 


MQWfglnTJI 




111 


S i£« 


9 0 5 


I nP_tg&^yFJf 




112 


SI^ESitji 


110 1 


I nPSK 




113 


S i O2 ^7yFB 


110 2 


MQW^l 371 




114 


S i O2 37 


110 3 


S i O2 YX^ 




115 


S i O2 


110 4 


InGaAs PS237I 


116 




20 








m 1] 




[02] 





I n PX7 



I n Ga A 




4c '~ 


v- 


f— HI— 1 


5 






i. 







[H6] 



[B3] 



[04] 



n 3 



n, 


V s - 
















W 


ni 








-13 



F' 



— 5 



—203— 




—204— 




—205— 



(14) 



«rBM*5-2 4 9 3 3 1 



[02 2] [0 2 3] 



I Or 




W(jum) 




—206— 




13 1 ] 



[03 2] 



1 



15- 



14 



15 14 15 



6 



r -i 


r— I — 1 — D — 

^— ! 


, k — 




; !f<?i4 




2 


3 





-IO 
_4 



10 



—207— 



(16) 



#B8¥5-2 4 9 3 3 1 



[03 3] 



134] 



10 



IO 



2 


3 






1 1 

14 

1 


15 14 15 



•IO 




[03 5] 



14 2] 




Hi 



N' 



4- 



— IO 
--4 
-5 



J 



[04 3] 



-10 
-4 
-5 



J C 



4 4] 
IA 



-IO 
-4 



14 5] 




—208— 



(17) 



4 9 3 3 1 



[03 6] [04 6] 




[03 7] 




O 0.2 0.4 0.6 0.8 ID 

^TM*i (jum) 



—209— 



t 



(18) 



#BB¥ 5-249 331 



13 8] 



15 1] 




13 9] 






3.30 




3.29 








3.26 




3.27 




3.26 




3.?3 




1.03 



[06 2] 
uoa 



-U03 
-)102 

-no i 



15 3] 




[054] 
i 27 



--44 



'/■'////SS/s 




^43 



,—42 
41 



—210— 



(19) 



4$98¥5-2 4 9 3 3 1 



[040] [057] 




—211— 



#IH¥5-2 4 9 3 3 1 



[85 5] 




, — 502 



• — 50/ 



[H6 1] 




[06 0] 



IS 



10 - 




CL5 • 



(O J2 J4 J6 18 

4 'i^^ WfjjmJ 



—212— 



